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By “Zearge J. Heimerl and Donald E. Niles

STMMARY

Column and plete compressive strengths of extruded O-~1HTA

magnesium alloy were determined both within and beyond the elastic

range from tests of flat-end H-—-section colvmns and from local-
instability tests of H-, Z-, and channsl-section columnse These
tests are part of an extens:l.ve research investigation to provide

data on the structural strength of various aircraft materials. ~

The resuits are presented in -the form of curves and charts that
are suitable for use in the design and analysis- of aircraft
gtructures,

INTRCDUCTION .

Colurm and plate members that fail by instability are basic
elements in en aircralt structure, For the design of structurally
efficient aircraft, the strenzth of these elenents must be known
for the various aircrafi matericls, -An extensive research program
has therefore bren undertaken at the Langley Memorial Aeronautical
Laboratory to estarlish the column and vlate compressive strengths
of a number of the alloys available for use in aircraft structuress
The alloys already investizated include 243-T. and 17S-T aluminum-
alloy sheet and extraded 75..,—.1 21S=T, R203-T s and l)_,S--T aluminun
alloys {refurences 1 to 6, respectively).

Becavse information on hirh-strength maghesium alloys
comparcble with that now available for aluwmdnum alloys is needed,
extruded 0-1ETA magnesium alloy has been included in the
investigation, The results of the tests to determine the column
and plate compressive strengths of extruded O-1HTA megnesium alloy
are presented herein, : '
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SYHBOLS

length of column
radius of gyration

fixity coefficient used ir Euler column formnla
effective slenderness ratio of c¢olumn

width and thickness, respectively, of flange of He, Z=-,
or channel sectian (see fig.'ls

width and thickness, rcspoctively, °f Veb of Hw, Z~, oOT
channel section' (see fige 1)

- radius of corner fillet (see fig, 1)

nondimensional. cocfficient used;with by and &y in
nlate«buckling formula (see figs. 2 and 3 taken from
reference 7) -

modulus of elasticity in compression, taken as 6500 ksi
for extruded O-1HTA magnesium alloy

nondimensional coefficient (The value of T is so
determined that, vhen the effective modulus of
clasticity TE, is substituted for E, in the
aquation for elastlc buckllng of columns, tho
eomputed critical stress agrées with the cxperimentally
observed value. The coefficicnt T ig equal to unity
within the elastic range and decrcascs with incrcasing
stress beyond the elastic range.)

nondimensional cocfficient for gompressed platcs
correopondlng to T for ﬂolumns

Poisson's ratio, takcen as 0.3 for extruded Ow-1HTA
magnesium alloy

critical. compressive stross

_averago comprassive stress ab maximum load

comnpressive yield stress

i

'
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METHODS OF TESTLiFG AWD ANMLISIS

The specimens and methods of testing ard analysis employed
to determine the compressive stress-strain curves and the colmmn
and plate compressive strengths were similar to those described
in refererce 6 Trith the following exceptions: S

In ordzsr to malke the compressive stress-strain tests of
cingle-~thickness sneciwens; z aecdified entgomery-Templin type of
commression fixture {shown in f£ig, h) ubilizing grooved steel

rlates tc support the specinens was used for most of the tests,”

The straing were mcaswed by mezns of either oue or two wire
strzin gages mounted it tne midole of the faces of tne specimen
{sz2e fige 4) and ware racerded tozether vith the load by '
suitograrhic lead-strain equirment,

he nominal cross-sectional dimeusicns of all the 2lat-end
colvmne used to deternine the column strength werc by = 0,56 inch,
ber = 1.37 inches, and tf =.0.125 inch,

SESULTS AND DISCUSSION

Commressive Proporbies

The compressive stress—strain curves that appnly to the
gxoruded O~1HTA maenesium alioy unsed in this investigation are
cummarized in figurc 5, The variation in campressive yield stress
thowm by the dashed cirves indicates the maxdmum differences that
were found to oxdst between the average values cbiained at the ends
of the different 20-foot exirusions; only a single curve is shown
vhere the variation is smclle The average value of opy that
2pplies to the enbire cross scecction of the flat-end H-section
columns is 34.l ksi. The average values of opy that apply to
all the local=inctability tests arc 3L.l ksi for the flange
materisl and 33,1 kei for the web material,

The variation of compressive groporiies over a cross sccetion
of the largcst extrusion is illustrated in figure 6. Each value
of ogy represents the tost results for a singlie-thickness
comnression spocimen cub from the section at the position
indicated. Values of oy for the veb are somewhat lower than
those for the flange, Individual values for the web obitained
from tests of the other exitrusions, howuwvcr, wocre in some instances
as high or slightly higher than those obtained in some parts of the
flanecse |
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Column and Plate Comwressiva Strongths

Bccause the comorassive oroperties ¢f an extruded magnesium
elloy may vary, the data end chervs of the ypresent peper should
not be used for design murvosas for extrusicns of O-1HTA mrgnesivn
alloy that have apprecisbly ditforent cowpressive properties from
those roported hercin - unless A suiteble method is devised for
adjusting test resvlts to ascount for veriations in material
proverties., (average valuss of Tey that apply are given in
round nuwbers in figs, 7, 2, and 10 to 13.) '

“he results of the column and local<instebility tests of
cxtruded O~1HTA magnesius alloy ars summarized herein; a discussion
of basic relationships is given in rcference l.

Unlumn strength.- The coluni curve of figure 7 shows the
resul%s of the flat-and H-section column:bests. The fixdty
cooiiiciont ¢ was tcken cqual to L on the basis of test results
for flat-cnd aluminum-alloy colums. The test points for three
colvmn tests (== of about 10} cre not shkown because these

Ve | A
columns develoned local instability after column buckling had

occurred., Thus, the average campiessivo stress al wesdmum

load Bpay (about 39.5 ksi for these “hpee tests) would probably
not rerresent the column strength if only column buckling had
taken place. In these tests, howevery, visibla column buckling
was observed at a stress of sbout 3l ksiy and the short-dashed line
shovn in figuwre 7 (for wvelues of ~F%- from about 10 to 20) gives

a conservalive estimate of the coiumn sirength in this region.
None of tvhe other coclumms developed local instabilitye

The ratio of length to croockedness was greater than 1000 in
all casese (Crookedness is defined ag the distance from a point
at the midsectlon of a column from a straight line dravm hotween

corresponding points at the end sections:af the column,) Some
effect of column curvature or imperfecticn, however, is indicated

L . p .
by the tost values for o= of about 71'=nd 81 {sce fige 7)
falling slightly below the Euler curve,

The reduction of the effective modulus of clasticity T%c
with ‘increase in stress is indicated in figure § by the variation
of T wlth stressa ‘

Ylate compressive strength.—- The results of the local-
instability tests of the He-, Z-, and channcl-section columns used
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to determine the plate compressive strength are given in
tables 1, 2, and 3, respecitivelj. The instability of the plate
elements of an Hesecction column under test is illustrated in
figore 9. :

The piste-buckling curves, analogous to the column curve of
figure 7; are shewn in fagure 1C. The reduction of the effectivo
modulus of slasticity for plates TEC with increase in strecs is
indicated by the variation of 7 with stressy which is shown with
the curve for T in figur> Y. The curves for both T and 7
diverge from wnity at a stress below that for which there is any
visible diveorennce of the stress-ctroin curves from straignt lines
(see fig. 5) and irdiczste some effecis of initial cmture or

othcr column or nlate imperfections.

™e variation of the achtual critical stress opy with the
theoratical criticel stress G;;r/r) commubed for elastic buckling

by mezns of the formule and carves of figurcs 2 and 3 ig shonn in
fizure 1l.

in order to illustrzote the differeonce betwecn the critical

stresa og, and the average strescs ot rmaximin load a- s the

variation of cr with Ogp/Ohaw 15 shovm in figure 12.,
Bocause valuess of _%hax may be required in strength cg.lcula’olono ’

the variation of Gznax vith o0g,/M is shown in figure 13.

The data for L-ccehions describe slightly higher curves than
those indieated for Z— and chamncl sections in figurcs 10 to 13,
A reason for somevhat higher values of Op,y being obtained for

l-cections than for Z—~ =nd chamnel secébions for a given value

of 0p. /M (fige 13) may bo that the flange material tends to be
someshat stronger than the web material (sce fig, 6) and forms a
higher pcrcentoge of the total cross-sectioncl area for tie

H-section than for the Z- or channcl sections, The results
indicated by tie individial curxrves obtained Tor Hic wwo clagsos of
section are camsistent with the comparable rosults Tor extruded
clunimm elloys (refsrences 3 t0 5) for which the flenge m._.ter:._.l was
elso strangcer than tho weh matericl.

Lengleyr Memorial Aeronanticzl Laboratory
Nation~l Advisory Camalttee for Aeronzutics
ILengley Field, Va., July 12, 1946
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TABIE 1,- DIMENSIONS AND TEST RESULIS FOR H-SECTION
COLUMNS THAT DEVELOP LOCAL INSTABILITY
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e o120 | L122] 3,00 | 1.95 |16.79 |5« +98 W05 | JOh8| 1.7h .0 o2 | 16,0 |22 N
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TARIE 2.~ DIMEESIONS AMD TEST RESULTS FOR Z-SECTTON

COLIARS THAT DEVELOP LOCAL IRSTABILITY
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TARIE 3.~ DIMEESIONS AND TEST HESULIS FOR CHANWEL-SECTION
COLIMOB THAT DEVELOP LOCAL THNETABILITY
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Figure I.- Cross sections of H-, Z-, and channel-
section columns.



NACA TN No. 1156 Fig. 2
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Figure 2.- Values of ky for H-section
columns. (From reference 7.)
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Fig. 3 ) i NACA TN No. 1158
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Figure 3.- Values of ky for Z-and channel-
~ section columns. (From reference 7))
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NACA TN No. 1156 o . Fig. 4

(a) \Unassembled.

{b) Assembled.

Figure 4.- Modified Montgomery-Templin type of compression
fixture using grooved steel supporting plates.
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Figure 5.— Compressive stress-strain curves for extruded O-1HTA
magnesium alloy for with-grain direction.



Fig. 6 .
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Figure © .- Variation of compressive yi
- essive yield

over a cross section oFanpexfrude.ZL O-lsl-iw"gi
;naqneswm alloy H-section with web and
Llaonges o.uzs inch thick. (Stress in Ksi.)



30
O‘M,Km

20

S 10

Figure 7.— Column curve for extruded O-1HTA magnesium alloy obtained
rom tests of flat-end H-section codumns. Cey » 34Ksi .
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Fig. 8 o NACA TN No. 1156
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Figure 8.— Variation of rand. m with stress
for extruded. O-1HTA magnesium al IOL{(
For the curve of ; Oy (entire cross saction), 34 Ksi.
For the curves ofn, &, (flange), 34Ksi ,Oag(welj 33 Kst.



NACA TN No. 1156 " | " Fig. 9

Figure 9.- Local instability of an H-seg¢tion column
under test.
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Figure 10.- Plate-buckling curves for extruded O-1HTA
magnesium alloy obtained from tests of HyZ- and
channel -section columns. gy {lange),34-Ksi ; Ccy fveb),33Ksi.



Fig. 11 NACA TN No, 1158
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Figure |1 .- Varlation of og with Gr/m for plates of extruded.
0-1HTA magnesium alloy obtained from tests of H-, Z-,
and channel-section columns. oy (flange),34Kst ;

Gey (Web),33ksi.
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Figure I2.— Variation of o with Gp/Gpay for
plates of extruded. O-1HTA magnesium alloy
obtained from tests of HZ-,and channel -

section columns. cg(flange)34Ks 5 O, wet 33Ksi.
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Figure I3.- Variation of Gpwith g/ for plates of extruded.
O-1HTA magnesium alloy from tests of H-,Z-,and
channel - section columns. Ggy(flange), 34Ksi; o, fwet 33Ksi.



